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Positive ion-electron impact (EI) mass spectra of
some novel organotin compounds have been
recorded. These compounds were of the type
Me2SnRR' (where R = Me, Ph and R' = Ph) and
R2R'SnPh (where R = Me,n-Bu, n-Pe and R' =
Me, n-Bu, n-Pe). The spectra were also examined
by tandem mass spectrometry (MS–MS) in
order to establish fragmentation reaction
mechanisms for compounds bearing mixed
substituents, particularly the effect of the pre-
sence of aryl substituents. In addition, the
resultant EI and MS–MS spectra for these
compounds were compared with those of R4Sn
(R = Me, Bu, Pe, Ph). The results show that
mixed substitution of tetra-alkyl/aryl com-
pounds has a significant effect on the behaviour
of these compounds in the mass spectrometer.
This effect can be illustrated by examining the
fragmentation reaction pathways for the various
compounds studied. Fragmentation patterns of
nine organotin compounds, based on precursor–
product ion relationships are proposed. This
technique has the potential to predict the effect
of substitution on the mass spectra of organotin
compounds and probably organolead and
organogermanium compounds.
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1 INTRODUCTION

One of the first serious attempts to study conven-
tional positive ion-electron impact (EI) mass
spectra of organotin compounds of general formula

R3SnR' was reported by Gielen and Mayence.1 This
was followed by a number of other studies,2,3which
showed a number of common features. Most
prominent of these features is the high stability of
R3Sn� (for R = Me, Et, Pr, Ph) and/or RSn� (for
R = Bu) and almost the total absence of any
significant molecular ion. Fragmentation pathways
for the mass spectra of organotin compounds based
mainly on metastable ion data were proposed by
Chamberset al.4 Decomposition modes of organo-
tin compounds were explained in terms of the even-
bonding- and odd-bonding-electron character of a
particular ion on its dissociation reactions.5 The
molecular ions decompose mainly by elimination
of odd electron neutral fragments and, therefore, the
even-electron ions, R3Sn� and RSn�, tend to be the
most abundant. There is some evidence, in this
current work, to suggest the loss of alkene
molecules may also lead to ions with increased
stability, for example MeSnPh�� [relative abun-
dance (RA) 100%] from Bu2MeSnPh.

Published fragmentation pathways have been
collated for those compounds for which metastable
ions, tandem mass spectrometry (MS–MS) or some
other substantiating evidence is available.4,5 The
speciation of organotin compounds through clear
reaction pathways and dissociation modes was
made possible by using the technique of MS–MS.6

The general procedure for this technique, using a
triple quadrupole system, involves the selection of a
precursor ion(s), which is (are) characteristic of an
organometallic compound, using the first mass
analyser; each ion is then dissociated by collision
with an inert gas in the reaction region. The
resultant fragment ions are monitored and detected
by scanning the second mass analyser. The MS–MS
spectra can be used to construct complete frag-
mentation pathways7 by carrying out sequential
experiments. Previous studies have shown that the
way and extent to which an ion fragments in the
reaction region are greatly influenced by the nature
and pressure of the gas utilized. Furthermore, the
kinetic energy of the selected ions also has an effect
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on the resultant fragmentation.Therefore,when
conductingMS–MSexperimentsit is of paramount
importanceto ensureconsistentanalytical condi-
tions, for examplefixed primary ion energyand
collision gaspressure,in order to obtain reprodu-
cible results.

Thenatureandextentof thesubstitutionhasbeen
shownto havea markedeffecton thebehaviourof
organotincompoundsin themassspectrometer.3,8,9

For exampleit hasbeenshown9 that the natureof
substituents(aromatic,aliphatic, unsaturated)sig-
nificantly changesthefragmentation/reactionpath-
waysfor compoundsof the type R3SnR', whereR'
can be alkyl, aryl, vinyl or allyl. Thesestudies
showedthatthemajorfragmentionsin theEI mass
spectrum of Bu3SnVinyl are SnVinyl� and
SnH2Vinyl�, whereas for Bu3SnAllyl, Bu3SnPr
andBu4Snthemajorfragmentionsoccuratm/z177
and 179, correspondingto BuSn� and BuSnH2

�

respectively.This differencemay be explainedin
termsof thestabilizingeffectexertedby thedouble
bondin thevinyl group,which is in closeproximity
to theSn—Cbond.Thepossibleeffectof a double
bond alpha to the Sn—C bond on stabilizing the
resultantfragmention wasexaminedby investigat-
ing the massspectrumof Pe3SnPh.9 The fragmen-
tation pathwayof this compoundwasfound to be
similar to thatof Bu3SnVinyl.

Perhapsthemostdramaticeffecton positiveion
massspectraof organotincompoundsasa resultof
substitutioncanbe illustratedby comparingtheEI
massspectraof Ph3SnClandMe3SnCl.3,8 Themost
abundantion in themassspectrumof Ph3SnClis at
m/z154,whichcorrespondsto Ph2

� (i.e. biphenyl),
which could form asa resultof two phenylgroups
undergoingeither intramolecularrearrangementor
radical reaction to form very stable neutral
species.In contrast,the most abundantion in the
massspectrumof Me3SnCl can be found at m/z
165,correspondingto Me3Sn�, andthestability of
this ion may be explainedby the inductive effect
of the methyl groupsto the electron-deficientSn�

atom.
A seriesof similar studiescanbe carriedout by

changingthe natureof the substituentgroups,and
these include investigating the mass spectra of
somenovel organotincompounds.

Positiveion massspectraandthe fragmentation
pathwaysof selectedorganotin compoundswith
mixed alkyl and/oraryl substituentswere investi-
gatedto determinewhether:

(1) therelativesizeof differentsubstituentshasany
effect on the resultingspectra;

(2) increased aromatic substitution significantly
changesthe fragmentation/reactionpathways.

2 EXPERIMENTAL

Authentic samplesof organotincompoundslisted
in Table 1 were availableeither commerciallyor
were specifically synthesized.Structures,where
necessary,wereconfirmedby high-resolutionmass
spectrometryandthe purity in all caseswasbetter
than95%.Sampleswere introducedinto the mass
spectrometervia the direct insertionprobe,which
waswarmedoverthetemperaturerange50–100°C.
Mass spectrawere first recordedunder conven-
tional EI conditions.The major fragmentions for
eachcompoundwere identified and subsequently
the precursor–production scan mode (MS–MS)
spectrafor eachof theseions were also recorded
usinga VG Trio 3 triple quadrupolemassspectro-
meter.

The experimentalparametersused throughout
this investigation were as follows. StandardEI
spectra: mass spectrometer,Q1 only operating;
scan rate, m/z 35–500 in 1 second; resolution,
>1100. MS–MS spectra: Q1 set at m/z values
selectedfrom resultsof standardEI experiments;
Q2 collision gas,argonat 3.2 mTorr; Q3 scanning
m/z, 20–500 in 1 second resolution, >1100;
collision energy,6 eV.

3 RESULTS

The compounds investigated in this work are
detailed in Table 1. Some of the compounds,
omitted from Table 1, for exampleBu3SnPhand
Ph3SnR, have either beenreportedelsewhere9 or
are included in the table in anothercolumn, e.g.
Ph2SnBu2 is entered in the column headedby
Bu4Sn.

TheconventionalEI massspectraldatafor each

Table 1

Me4Sn Bu4Sn Pe4Sn Ph4Sn
Me3SnPh Pe3SnPh
Me2SnPh2 Bu2SnPh2 Pe2SnPh2
Me2PeSnPh Bu2PeSnPh

Bu2MeSnPh
BuPe2SnPh
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compound under investigation are recorded in
Table 2. Each fragmention occursas a group of
peaksasa resultof tin isotopes(six majorandfour
minor isotopes).For simplicity reasonsthe mass
spectralfragmentationdataarepresentedin terms
of the peaks relating to the principal isotope,
namely120Sn.

Inspectionof the data in Table 2 suggeststhat
whilst the lossof analkyl/aryl substituentgroupto
produce the R3Sn� speciesis the initial major
fragmentationpathway,the subsequentfragmenta-
tion reactionsappearvery dependenton thenature
of the substituentpresent.Chamberset al.4 and
GielenandJuckscharts8 observedtheeliminationof
a hydrocarbonradical from the molecular ion of
alkyl organotincompoundsto produceR3Sn� ions
of highRA. Similarly, OstahandLawson9 reported
thesameprocessfor Ph3SnR' compounds,whereas
the alkyl analoguesproducedRSn� ions at 100%
RA. Molecules containing alkyl moieties with
carbonchainsof two or more(i.e. ethyl andabove)
wereobservedto producefragmentationpathways
basedon the loss of neutral alkene molecules,
leading to the formation of the mono- and di-
hydride ions R2SnH� and RSnH2

�. The same
investigationalso showedthat for compoundsof
generalformula R3SnR', where R = n-butyl or n-
pentyl, thenatureof thedihydrideformeddepends
on R'. For examplewhenR' = phenylor vinyl the
dihydride is R'SnH2

� andnot RSnH2
� asin other

species,suchasBu3SnAllyl. According to Cham-
bersetal.4 therelativeabundanceof thehydrideion
is relatedto thenumberof alkyl–tin bondspresent
in the molecule. This was attributed to the
stabilizing effect exertedby the relatively close
doublebondin R' substituents.

The results from the present investigation,
particularly the MS–MS data, show that there is
no one single fragmentationschemeapplicableto
therangeof compoundsinvestigated,andthatthere
is competitionbetweenthree possiblefragmenta-
tion routesdependingon thenatureandnumberof
substituentspresentin themolecule.Thecomplex-
ity is typified by consideringthecompoundsin the
top row of Table 1, where the fragmentation
patternsresultingfrom eachof thechemicalgroups
Me–Sn, Alkyl–Sn and Ph–Snare different from
eachother.

3.1 Fragmentation patterns of R4Sn
compounds

Fromtheliteraturedatacitedearlier,thebasepeak
for thesecompoundsshould be R3Sn�, which is

observedfor R = Me andR = Ph,but for R = n-Bu
and n-Pe this ion has RAs of 71% and 24%
respectively.In boththeselattercasesthedihydride
ionsarethe basepeak,with theSnR� speciesof a
similar abundance.Eachof thesecompoundswill
bediscussedseparately.

3.1.1Me4Sn
The conventionalfragmentationpatternin Table2
suggeststhatthesequentiallossof methylgroupsis
theonly viablefragmentationroute,but theRAsof
MeSn� andMe2Sn�� (25% and22% respectively)
do not conform to this pattern.The MS–MS data
Fig. 1) showthat whilst thereis only oneroute to
the formation of Me3Sn� and Me2Sn��, thereare
two routesleadingto bothMeSn� andSn��.

3.1.2Ph4Sn
TheMS–MSinvestigationof thiscompoundshows
that part of the fragmentationpathway(Fig. 2) is
exactly analogous to that of Me4Sn, i.e. the
sequentiallossof the Ph groups(Ph3Sn� = 100%,
Ph2Sn�� = 11%,PhSn� = 33%).Differencesoccur,
however, resulting from the apparentrearrange-
mentreactionsof Ph3Sn�, which facilitatestheloss
of a neutralbenzenemoleculeor the formationof
either the biphenylor biphenyleneions at m/z 154
and152respectively.

3.1.3Bu4Sn and Pe4Sn
The data in Table 2 for both thesecompounds,
particularlythepresenceof ionswith Sn–Hbonds,
showsthatfragmentationoccursbothby thelossof
alkyl and alkene groups.RSnH�2 ions form the
basepeakfor the pentyl derivativeandhave98%
RA for the butyl compound.The R3Sn� ion has
significantlyreducedRA, 71%for Bu3Sn� andonly
24% for Pe3Sn�. This is explained by the
fragmentationscheme(Fig. 3) derived from the
MS–MSdata,which revealsthat themolecularion
fragmentsby three different routes,5 two include
the lossof alkenemolecule(s)andanalkyl radical,
and the third involves the lossof an alkyl radical
only. The loss of the alkene/alkylmoietiesmust
involve somerearrangementreactioncomparable
to thatexhibitedby Ph3Sn�, sincetheoveralllossis
seenas a single stepin the Trio 3 apparatus.The
observationof thesepathwaysis limited by thelow
abundanceof themolecularionsfor thecompounds
investigated.Further evidencefor rearrangement
reactionsof theRSnH2

�, R2SnH� andR3Sn�, ions
is the productionof (CH3)2SnH� from theseions,
but only when R = pentyl. There is no detectable
evidencefor the formationof this ion in the butyl
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compound, nor in compounds containing the
Sn—Ph bond. In both compoundsthere was a
significant contribution to the conventionalmass
spectrum(Table 2) from the fragmentationand
chargeretentionof thealkyl chainsubstituents(m/z
57, 43, etc.).

3.2 MS±MS experiments

MS–MS experimentswere carried out on com-
pounds with different substituentsin order to
establishthe appropriatereactionpathways.How-
ever, it becameevident that there was no single
general reaction pathway that could be used to
representthe MS–MS resultsfor all the tin com-
poundsin question.This is not surprising,owing to

the presenceof various substituents(Me, n-Pe,
n-Bu, Ph) in different combinations.

The isotope 120Sn was used to elucidate the
overall fragmentationpatterns,and in someareas
the resultswere confirmedby parallel determina-
tions based on the 118Sn isotope. This was
particularly importantwherethe loss of hydrogen
atomswassuspected.

For the purposesof the following discussions,
compoundswith thesamefragmentationpathways
in the MS–MS analyses have been grouped
together.Oneof themainfeaturesof thesereactions
is theeliminationof oneor morealkenemolecules
andtheformationof mono-,di- and,in somecases,
tri-hydride species,wherethe compoundsinclude
oneor moren-butyl and/orn-pentylgroups.This is
in accordancewith previous results obtainedby
otherresearchers.4,8Thisprocessis absentwhenthe
substituentis themethyl or phenylgroup.

3.2.1Me2SnRR' compounds
Thestructuresof themajorionsin theconventional
EI positive massspectraof thesecompoundsare
recordedin Table2.ThecompoundsMe2SnPh2 and
Me3SnPhexhibited fragmentationprocesses(Fig.
4) thatwereanalogousto thoseof Me4Sn.Thedata
in Fig. 4 are a combinationof the fragmentation
processesexhibitedfor Me–SnandPh–Snsystems.
However,it is interestingto note that there is no
evidencefor the formation of the biphenyl from
Me2SnPh2.

The main fragmentationprocessin thesecom-
poundsoccursvia the lossof a methyl groupfrom
the molecular ions. This is followed by the
sequentiallossof alkyl groups,leadingultimately

Figure 1 Simplified fragmentationpathwayfor Me4Sn.

Figure 2 Simplified fragmentationpathwayfor Ph4Sn.

Figure 3 Fragmentationpathwayfor R4SncompoundswhereR = n-Peor n-Bu (*EtSnH2 is not producedwhereR = n-Bu).

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 874–881(2000)
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to the formationof the tin ion. Me2PeSnPhshows
the dominantprocessto be the loss of the pentyl
group,followed by thelossof themethylandother
alkyl radicals.Me2PeSnPhis theonly compoundin
thisgroupthatgivesthehydrideion Me2SnH�, due
to theeliminationof a pentenemolecule.A similar
processleadsto theformationof MeSnR'H� in the
massspectrumof the samecompound.Further-
more, the SnR'� ion is more prominent where
R' = Me or Ph (RA = 16–25%) than in the case
whereR' = Pe(RA = 2%).

3.2.2Compoundsof general formula R2R'SnPh
The compounds included in this group are:
Me2n-PeSnPh, n-Bu2MeSnPh, n-Pe2n-BuSnPh
and n-Bu2n-PeSnPh.The generic fragmentation
pathwaysfor thesecompounds,obtainedfrom the
MS–MS studies,are detailedin Fig. 5. As canbe
seen,the initial fragmentationprocessis a com-
petitive lossof eitherthealkyl or thephenylgroup
to producethe R2SnPh�, RR'SnPh� andR2R'Sn�

ions.In thegeneralcasetheseionsfragmentfurther
by the loss of alkenes,producingmono- and di-
hydrideions andthe ultimateproducts(not shown
in Fig. 5) are SnH2

�� and SnH3
�. Compounds

containingn-butyl andn-pentyl groupsexhibit the
significantlossesof alkenes,leadingto theproduc-
tion of speciesof thetypeR2SnH� andRSnH2

�, as
well as of relatively high levels of the alkyl
fragmentionsC3H7

�, C3H5
� andC4H9

�.

It is interestingto note that whilst this rangeof
compoundshas been experimentally shown to
follow the samegenericfragmentationpattern,the
RAs of theseions producedasdetailedin Table2
indicate that the reactions are followed in a
competitivemanner.Furthermorewhilst the major
pathwaysareshownin Figure5 someminor routes,
specific to particular compounds need to be
recorded.

3.2.2.1Fragmentationof RHSnPh� ions
In the genericscheme(Fig. 5) the fragmentation
pathwaysof this ion includethelossof analkeneor
analkaneasshownbelow:

WhenR is a methylgroup,however,the lossof an
alkene is not possible,and two routes involving
neutrallosseswereidentified:

Only when R is methyl or phenyl is the species
RSn� observedat anysignificantlevel (RA >5%).

Figure 4 Fragmentationpathwaysfor compoundsMe2SnRR'.
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3.2.2.2Compoundscontainingtwo or moren-butyl
and/orn-pentylgroups
The genericreactionschemein Fig. 5 needsto be
expandedto cover the fragmentationlossesin-
volving severalalkene groups. Ions of the type
RR'SnPh� can fragment by alkene losses to
producebothSnPhH2

� andSnH2
� ions.Similarly,

theR2R'Sn� ionscanundergothefollowing routes
of fragmentations:

3.3 Compounds of general formula
R2SnPh2

A generic fragmentationfor this group of com-
poundsis shownin Fig.6.Theformationof hydride
ionsinvolvesthelossof oneor morealkenegroups.
Routesinvolving the loss of alkenegroupshave
only been observedwhere there are Bu—Sn or
Pe—Snbonds.FromTable2 it canbeseenthatas
the number of Me—Sn bonds decreases,so the

relative abundanceof ions containingthe Sn—H
bondincreases.Forexamplefor Me4Sn,Sn—H� is
not detected,for Me2SnPh2 the ion MeSnH2

� (m/z
137)hasanRA of 4% andfor MeBu2SnPhthe ion
MeSnPh� (m/z 213) has an RA of 100%. The
conventionalEI positive mass spectral data for
thesecompounds,shownin Table 2, is consistent
with the pathways identified from the MS–MS
experiments.

4 DISCUSSION

The positive ion EI mass spectra of organotin
compoundsAlkyl 2SnR'R'' (whereAlkyl is Me, Bu
or Pe,R' = Me,Bu,Peor PhandR'' = Me,Bu,Peor
Ph) weredominatedby formationof the fragment
ion dueto thelossof a methylor butyl groupwhen
thealkyl is a methyl or a butyl grouprespectively.
Althoughthesameprocessoccurswhenthealkyl is
a Pegroup,the main fragmentationprocessis the
formation of an SnR''� ion (whereR'' = Pe or Ph
group).Therefore,it is evidentthat the sizeof the
main alkyl substituent has an effect on the
fragmentationof varioustin compounds.Further-
more, this is shownby the presenceof ions with

Figure 5 Fragmentationpathwaysfor R2R'SnPh.
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relatively high RA valuesdueto fragmentationof
the alkyl group itself (m/z 41, 43, 57, 71). In this
casethe Sn—alkyl bondsareno longerequivalent
in termsof dissociationenergy.

Another feature in the mass spectraof these
compoundsis the formation of mono-di- and tri-
hydride ions due to the loss of one, two or three
alkene molecules respectively. These ions are
producedin significant amountsonly when the
moleculecontainstwo or morebutyl and/orpentyl
groupsin anycombination.

In conclusionthemassspectraandfragmentation
pathways for organotin compoundsare greatly
affectedby thenatureandnumberof thealkyl and
aryl substituents.For example,a methyl group in
contrast to a butyl or pentyl group does not go
througheliminationof an alkenegroupbecauseof
thenon-availabilityof hydrogenatomson betaand
subsequentcarbonatoms.Thepresenceof aphenyl
groupmayexertastabilizingeffecton theresultant
ion, which containsoneor morephenylgroups.

It will be interestingto investigatethe relative
effect of mixed alkyl substitution on the mass
spectraof compoundssuchasBu2SnEt2, Pe2SnPr2,
etc.
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Figure 6 Fragmentationpathwaysfor compoundsR2SnPh2, whereR = Peor Bu.
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